The World Health Organization (WHO) has developed plans to eliminate measles in the Western Pacific Region, which includes Viet Nam. ([@R1]) However, recent measles outbreaks throughout the world, including in the United States of America, the Netherlands, Australia, China, the Philippines, Indonesia and Viet Nam have highlighted the challenges in achieving this goal. ([@R2]-[@R5]) In May 2014, more than 3900 confirmed measles cases and 133 deaths were reported in Viet Nam, a large increase in cases compared to 2012 (637 cases) and 2013 (1233 cases). ([@R6]-[@R8]) The Ministry of Health in Viet Nam introduced the Expanded Programme on Immunization (EPI) in 1981 with the support of WHO and the United Nations Children's Fund (UNICEF). EPI provides immunization services through community health centres (CHCs) that dedicate one or two days per month to this service. In 2009, measles vaccination was administered at the ages of 9 months and 6 years; in 2011, the second dose administration was brought forward to 18 months of age. If children miss any of the measles vaccine doses, immunization services are tasked to administer the missed dose. Viet Nam has conducted periodic measles vaccine campaigns targeting children aged 9 months to 10 years at CHCs to address gaps in coverage among young children; however, according to the 2014 outbreak report, 82% of measles cases occurred in children under the age of 10, and 86% of the infected children were not fully vaccinated or had unknown vaccination status. ([@R9], [@R10]) The proportion of the measles cases occurred in persons known to have no previous measles vaccines was 3%. The proportion in those who had only one dose was 3%. The proportion in those with unknown vaccination status was 6%

Ho Chi Minh City (HCMC), the largest municipality in Viet Nam, is subdivided into 19 urban districts and five rural districts. Urban districts are further divided into wards and rural districts into towns and communes. HCMC covers an area of 2061.4 km^2^ with a population of about 8.6 million people. With a population density of 4.2 persons per km^2^, there is a high risk of infectious disease transmission. ([@R11]) In 2013--2014, an outbreak of measles occurred in southern Viet Nam; a total of 3486 cases were reported, including 1023 cases in HCMC. This outbreak started in HCMC and spread to neighbouring provinces. ([@R10])

The aims of this study were to describe measles vaccination coverage among children aged from 9 months to 10 years living in HCMC and to identify individual factors associated with and reasons for non-vaccination.

Methods
=======

Study design and sample size
----------------------------

In June 2014, we conducted a cross-sectional study in the seven wards of HCMC with the highest number of measles cases, which were located in six different districts of HCMC ([**Table 1**](#T1){ref-type="table"}).

###### Weighted vaccination coverage among children aged 9 months to 10 years in seven wards of six districts in Ho Chi Minh City, Viet Nam, 2014 ([@R12])

  Community                                 Number of children   Weight      Surveyed immunization coverage weighted by population   Reported immunization coverage weighted by population                     
  ----------------------------------------- -------------------- ----------- ------------------------------------------------------- ------------------------------------------------------- ----------------- -----------------
  **Ward 8, District 8**                    **281**              **4.1%**    **5 (20.0)**                                            **20 (80.0)**                                           **216 (76.9)**    **65 (23.1)**
  **Phuoc Loc Ward, Nha Be District**       **294**              **4.2%**    **18 (64.3)**                                           **10 (35.7)**                                           **268 (91.2)**    **26 (8.8)**
  **Ward 7, District 6**                    **361**              **5.2%**    **15 (60.0)**                                           **10 (40.0)**                                           **352 (97.5)**    **9 (2.5)**
  **Truong Thanh Ward, District 9**         **490**              **7.1%**    **18 (62.1)**                                           **11 (37.9)**                                           **344 (70.2)**    **146 (29.8)**
  **Binh Hung Ward, Binh Chanh District**   **1266**             **18.2%**   **14 (51.9)**                                           **13 (48.2)**                                           **997 (78.8)**    **269 (21.2)**
  **Ward 4, District 8**                    **1767**             **25.4%**   **14 (50.0)**                                           **14 (50.0)**                                           **1247 (70.6)**   **520 (29.4)**
  **Linh Xuan Ward, Thu Duc District**      **2487**             **35.8%**   **17 (60.7)**                                           **11 (39.3)**                                           **2296 (92.3)**   **191 (7.7)**
  **Total**                                 **6946**             **100%**    **101 (54.9)**                                          **89 (45.1)**                                           **5720 (82.4)**   **1226 (17.7)**

The formula to calculate sample size was: *n* = 4 (r) (1-r) (f) (1.1)/(e ([@R2])) (p) (*n*~h~). ([@R13]) We planned to recruit 210 children into the study based on the estimated vaccination coverage (r = 98%) reported by the EPI in Viet Nam, taking into account the design effect (f = 1.5f), the proportion of children under 10 years old (*P* = 7.5%), the average household size (*n*~h~ = 4) and given α = 0.05 and 95% confidence interval. ([@R14])

Sampling and data collection
----------------------------

We selected study households using a cluster sampling method described by the Johns Hopkins Bloomberg School of Public Health. ([@R15]) Out of 259 wards with an average population of 24 000 people each (range: 10 000--61 000), the seven wards with the highest number of cases during the 2014 measles epidemic were selected. Questionnaires were collected in a designated facility in each ward, followed by randomly selected door-to-door visits to 30 households in each ward. We interviewed the parents or principal caregivers of the youngest child face-to-face using a standard questionnaire describing the child's vaccination history. Vaccination status was determined by reviewing the child's vaccination cards and through parental recall. The study excluded children who were not permanent residents of the ward. We confirmed the child's residence status using household registration books. Lastly, we retrieved the previous year's (2013) population-level vaccination coverage in the seven study wards from the district preventive medicine centres (DPMC).

Data analysis and management
----------------------------

The analysis took into account the cluster design of the study. Study factors included demographic information such as age, gender, parents' education level and employment; the number of children in each house; and the distance from the household to the closest vaccination site. We examined the relationship between study factors and vaccination status weighted by the number of children in each age group residing in each ward. Vaccination coverage was categorized into three groups: no vaccination, one-dose vaccination and two-dose vaccination. We then created a variable that reflected whether a child was fully vaccinated and used it as the outcome with two levels: fully vaccinated and not fully vaccinated. Fully vaccinated was defined as a child who either (1) was aged 18 months or older and had received two doses of measles vaccine or (2) was aged 9--18 months and had received one dose of measles vaccine. Not fully vaccinated was defined as partial or non-vaccination, including children of any age who had either not received any measles vaccine or children aged ≥ 18 months old who had received only one dose of measles vaccine. The study population for the analysis also included the children ≥ 18 months of age who did not receive at least one dose of measles vaccine. A χ^2^ test, unadjusted and adjusted logistic regression models were computed by R statistical software (version 3.3.0, R Foundation for Statistical Computing, Vienna, Austria) to explore associated factors of vaccination. The R package BMA was used to conduct Bayesian model averaging approach, which not only accounts for the uncertainty in variable selection by averaging over the best models but also combines estimate and prediction. ([@R16]) For the multivariable analysis, variables were selected by univariate analysis of each variable using a p-value cut-off point of 0.25. Variables were also selected that were previously known to be important risk factors, such as parental awareness, parents' level of education and fear of adverse reactions. Models with lower Bayesian information criterion and higher posterior probability are preferred. ([@R17]) Odds ratio (OR) and 95% confidence interval (95% CI) were used to identify the relationship between independent and dependent variables. Statistical significance was set at *P* = 0.05 to allow for the incorporation of model uncertainty into inference.

The survey was approved by the Pasteur Institutional Review Board (No: 272/PAS-QĐ on 20 June 2014).

Results
=======

Of the 210 children recruited for enrollment, 207 children (98.5%) were enrolled during the study period in 2014. The youngest child in the study was 9.4 months old and the oldest was 10 years old with a median age of 38 months (interquartile range: 23 to 70 months). The proportion of males in the studied population (54.1%) was higher than females (45.9%). The majority of parents had not finished high school (58.8% for fathers, 55.7% for mothers). Among the 207 children, 179 (86.5%) had lived in HCMC for at least two years. Over half of the parents reported living less than 1 km away from a CHC (56.6%). The proportion of the measles cases that occurred in persons known to have no previous measles vaccines and in those who had only one dose was 3%. The figure for unknown vaccination status was 5.%.

Measles vaccination coverage
----------------------------

Information on vaccination status was available for 190 of the 207 children (91.8%). The parents of the remaining 17 children were uncertain of their child's vaccination history, and their child's vaccination cards were not available. Our survey found that the proportion of children with full vaccination coverage was 54.9% and those not fully vaccinated was 45.06%, weighted by the number of children in each age group. The proportion of children ≥ 18 months that did not have any measles vaccination was 14.8% (25/169). Consequently, there was a large vaccination gap (45.1%), which was three times higher than the vaccination gap (17.7%) reported by DPMCs (**Fig. 1**, [**Table 1**](#T1){ref-type="table"}).

![**Calculated vaccination coverage based on 2014 survey of six districts in Ho Chi Minh City, Viet Nam compared with vaccination coverage previously reported by district preventive medicine centres during 2013**](WPSAR.2019.10.4-041-F1){#F1}

Epidemiological characteristics
-------------------------------

A greater proportion of those who lived less than 1 km away were fully vaccinated, but this was not statistically significant (*p*-value = 0.7) ([**Table 2**](#T2){ref-type="table"}).

###### Association between study factors and vaccination status among children aged 9 months to 10 years in six districts in Ho Chi Minh City, Viet Nam, 2014

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Characteristics                                                                      *n*(%)           Fully vaccinated\   Not fully vaccinated\   χ^2^      *P*-value\*
                                                                                                        *n*(%)              *n*(%)                            
  ------------------------------------------------------------------------------------ ---------------- ------------------- ----------------------- --------- -------------
  **9--18 months**                                                                     **21 (11.0)**    **13 (61.9)**       **8 (38.1)**            **0.7**   **0.4**

  **≥ 18 month--10 years**                                                             **169 (89.0)**   **88 (52.1)**       **81 (47.9)**                     

  **Gender (*n* = 190)**                                                                                                                                      

  **Male**                                                                             **103 (54.2)**   **55 (53.4)**       **48 (46.6)**           **0.0**   **0.9**

  **Female**                                                                           **87 (45.8)**    **46 (52.9)**       **41 (47.1)**                     

  **Study sites (*n* = 190)**                                                                                                                                 

  **District 6**                                                                       **25 (13.2)**    **15 (60.0)**       **10 (40.0)**           **9.8**   **0.1**

  **Binh Chanh District**                                                              **27 (14.2)**    **14 (51.9)**       **13 (48.2)**                     

  **Nha Be District**                                                                  **28 (14.7)**    **18 (64.3)**       **10 (35.7)**                     

  **Thu Duc District**                                                                 **28 (14.7)**    **17 (60.7)**       **11 (39.3)**                     

  **District 9**                                                                       **29 (15.3)**    **18 (62.1)**       **11 (37.9)**                     

  **District 8**                                                                       **53 (27.9)**    **19 (35.9)**       **34 (64.2)**                     

  **Parents' awareness of measles vaccination (*n* = 188)**                                                                                                   

  **Yes**                                                                              **138 (73.4)**   **72 (52.2)**       **66 (47.8)**           **0.1**   **0.8**

  **No**                                                                               **50 (26.6)**    **27 (54.0)**       **23 (46.0)**                     

  **Father's education (*n* = 188)**                                                                                                                          

  **Under high school**                                                                **103 (54.8)**   **63 (61.2)**       **40 (38.8)**           **5.1**   **0.0**

  **High school and above**                                                            **85 (45.2)**    **38 (44.7)**       **47 (55.3)**                     

  **Mother's education (*n* = 183)**                                                                                                                          

  **Under high school**                                                                **100 (54.6)**   **56 (56.0)**       **44 (44.0)**           **1.1**   **0.3**

  **High school and above**                                                            **83 (45.4)**    **40 (48.2)**       **43 (51.8)**                     

  **Number of children under 10 years old (*n* = 190)**                                                                                                       

  **1--2**                                                                             **173 (91.3)**   **91 (52.6)**       **82 (47.4)**           **0.2**   **0.6**

  **\> 2**                                                                             **17 (8.7)**     **10 (58.8)**       **7 (41.2)**                      

  **Distance from house to vaccination site (*n* = 188)**                                                                                                     

  ≤ **1 km**                                                                           **102 (54.3)**   **56 (55.5)**       **46 (52.9)**           **0.7**   **0.7**

  **1--3 km**                                                                          **68 (36.2)**    **37 (36.4)**       **31 (35.6)**                     

  **\> 3 km**                                                                          **18 (9.6)**     **8 (7.9)**         **10 (11.5)**                     

  **Causes of unvaccinated children investigated through questionnaire (*n* = 190)**                                                                          

    **Fear of adverse reactions**                                                                                                                             

    **No**                                                                             **187 (98.4)**   **98 (52.4)**       **89 (47.6)**           **-**     **0.3**

    **Yes**                                                                            **3 (1.6)**      **3 (100.0)**       **0 (0.0)**                       

    **Not old enough to vaccinate according to immunization schedule**                                                                                        

    **No**                                                                             **182 (95.8)**   **95 (52.2)**       **87 (47.8)**           **-**     **0.3**

    **Yes**                                                                            **8 (4.2)**      **6 (75.0)**        **2 (25.0)**                      

    **Children's illness**                                                                                                                                    

    **No**                                                                             **182 (95.8)**   **96 (52.8)**       **86 (47.3)**           **-**     **0.5**

    **Yes**                                                                            **8 (4.2)**      **5 (62.5)**        **3 (37.5)**                      

    **Busy parents/caregivers**                                                                                                                               

    **No**                                                                             **180 (94.7)**   **94 (52.2)**       **86 (47.8)**           **-**     **0.3**

    **Yes**                                                                            **10 (5.3)**     **7 (70.0)**        **3 (30.0)**                      

    **Unaware of vaccination need**                                                                                                                           

    **No**                                                                             **175 (92.1)**   **92 (52.6)**       **83 (47.4)**           **0.3**   **0.6**

    **Yes**                                                                            **15 (7.9)**     **9 (6.0)**         **6 (40.0)**                      
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**\*** χ**2 test, Fisher's Exact test,** *p***-value ≤ 0.05 (significance level)**

Reasons for non-vaccination
---------------------------

The most common reported reason for not being fully vaccinated was the lack of awareness among parents of the need for a second dose of measles vaccine (7.9%); after their children's first dose, the parents reported thinking that the measles vaccination process was completed. Other reasons cited for not completing the full vaccination course were: parents/caregivers were busy, parental reluctance to vaccinate children during illnesses such as the common cold, parental fear of adverse events after vaccination and children not being old enough to be vaccinated according to the immunization schedule ([**Table 2**](#T2){ref-type="table"}).

Factors associated with vaccination
-----------------------------------

Children of fathers with less education (under high school versus high school and above) were more likely to be fully vaccinated (*P* \< 0.05) ([**Table 2**](#T2){ref-type="table"}). The result of unadjusted and multiple logistic regression found that children attending study sites in districts 6 and 8 (OR = 0.49, 95% CI: 0.24--1.01) and those whose fathers had less education (OR = 0.53, 95% CI: 0.29--0.96) were less likely to be fully immunized against measles ([**Table 3**](#T3){ref-type="table"}).

###### Association between study factors and vaccination status among children aged 9 months to 10 years in six districts in Ho Chi Minh City, Viet Nam, 2014: logistic regression

  Predictors                                 Adjusted OR     95% CI           *P*-value
  ------------------------------------------ --------------- ---------------- -----------
  **Study sites**                                                             
  **District 9, Thu Duc District**           **Reference**   **-**            **-**
  **Districts 6 & 8**                        **0.49**        **0.24--1.01**   **0.05**
  **Binh Chanh District, Nha Be District**   **0.78**        **0.89--3.62**   **0.54**
  **Father's level of education**                                             
  **Under high school**                      **Reference**   **-**            **-**
  **High school and above**                  **0.53**        **0.29--0.96**   **0.04**

Odds ratio (OR), 95% confidence interval (95% CI)

Discussion
==========

Viet Nam EPI requires the administration of the first dose of measles vaccine at 9 months of age and the second dose at 9 months after the first injection. The goal is to vaccinate at least 95% of eligible children aged 9--24 months across the country. ([@R18]) However, an accumulation of susceptible children throughout the years, through failure to complete full vaccine courses and incidents of vaccine failure, contributed to a gap in measles immunity in HCMC. The vaccination coverage reported by the national vaccination system in surveyed wards during the same time as our study was 82.4%. The full vaccination coverage of children in our study was only 54.9%, suggesting that the national surveillance system may be overestimating vaccination coverage. To address this issue, we strongly recommend that all children's vaccinations should be registered in the National Immunization Information System or a digital immunization registry. ([@R19], [@R20]) Furthermore, measles vaccination should be provided for all eligible children.

The survey showed that most parents took their children to receive the first dose of measles vaccine at 9 months old but only 52% returned for the second scheduled dose at 18 months, indicating an important but not statistically significant drop off from children receiving their first dose (62%) of measles vaccine to those receiving their second dose (52%). Other studies have found that a lack of awareness of the need for the second vaccination was associated with low coverage in this age group. A cross-sectional study in Mali showed that lack of awareness was the most common reason for non-vaccination against six diseases. ([@R21]) A birth cohort of 64 000 children aged 5 years old in Australia also reported that the most important reason for non-uptake of measles vaccination was lack of awareness. ([@R22]) However, our study found no difference in vaccination status associated with parental awareness.

We found the father's level of education was significantly associated: children whose father had completed at least high school were less likely to be fully vaccinated compared to those whose fathers had less education. Although education levels were defined differently in our study (high school degree) compared with a study in France (bachelor's degree), the findings were similar. ([@R23]) The reason for this finding has not been adequately studied, but it is possible that parents with a higher level of education may be more likely to perceive a risk of adverse side-effects or parents may have been afraid of a complete the vaccinations due to complications and high costs of vaccines. ([@R24])

Children who lived in Districts 6 and 8 were less likely to be fully vaccinated compared to those living in District 9 and Thu Duc District. The difference in vaccination coverage was not significant in Binh Chanh and Nha Be districts compared to District 9 and Thu Duc District. Parents' educational level and population fluctuations possibly account for the difference between sites. The average population change of Districts 6 and 8 was less than District 9 and Thu Duc District from 2012 to 2014. ([@R23])

Limitations of this study included the lack of vaccination histories, especially with regard to the second dose. Vaccination status was based on parental recall in 8.2% of subjects, where the child's vaccination card had been lost or health staff did not record the vaccine when it was administered. We do not have data on immigration, an important risk factor of measles transmission, so we could not take this into account when we compared vaccination coverage among communities. We do not know how many Vietnamese workers, for instance those employed in industrial parks in HCMC who came from the northern regions or the Mekong Delta, did not register their children with the national vaccination system. ([@R25]) Furthermore, the study selected only the youngest child instead of all children in each household, which might lead us not to have the most representative data.

Conclusions
===========

We found that full vaccination coverage was 67% of the vaccination coverage reported by DPMCs of the seven study wards. While 85% percent of children over 18 months had received a first dose of vaccine, the age group from 18 months to 10 years was less likely to be fully vaccinated because parents were unaware of the second measles vaccine dose at 18 months of age. Furthermore, 38% of children aged 9--18 months lacked even a first vaccination dose -- a high rate of undervaccination for this age range. This highlights the critical importance of increasing first dose coverage in children from 9--18 month, and potentially in children ≥ 18 months of age. Ensuring at least one vaccination dose for children may be as important (or more) as ensuring the second vaccination dose in children over 18 months of age.

Lack of information on measles vaccination and other reasons such as children's illness at immunization time and fear of adverse events contributed to the measles vaccination gap. Health staff should monitor actively for children who received incomplete vaccinations and schedule the second vaccination for children who have had only one dose of measles vaccination. Lack of the second vaccination dose was a key obstacle to eliminating the vaccination gap; therefore, a catch-up mass vaccination campaign should be implemented. Additionally, health promotion of measles vaccination directed towards parents would likely improve vaccination coverage.
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